Background and aims. The 'CSR classification' categorizes plant species between stress-tolerators 1 5 (S), ruderals (R) and competitors (C). Initially proposed as a general framework to describe 1 6 ecological strategies at the interspecific level, this scheme has recently been used to investigate the 1 7 variation of strategies within species. For instance, ample variation along the S-R axis was found in 1 8
0
Montpellier SupAgro, UMR759, F-34000 Montpellier, France for which there were 10 replicates. Seeds were stratified in the dark at 4 °C for at least one week 1 3 3 before sowing to ensure homogeneous germination among genotypes. Four to six seeds were sown 1 3 4 at the soil surface in 225 ml pots filled with a 1:1 (v:v) mixture of loamy soil and organic compost. Prior to sowing, soil surface was moistened with one-tenth strength Hoagland solution, and pots 1 3 6 were kept in the dark for 48 h under controlled environmental conditions (20 °C, 70% air relative 1 3 7 humidity). Pots were then placed in the PHENOPSIS automaton growth chamber at 20 °C, 12 h day In Experiment 2 (Greenhouse), plants were grown in four replicates per accession in 1 4 4 greenhouse between December 2015 and May 2016. Seeds were sown on organic soil and stratified 1 4 5 at 4 °C for four days. At the emergence of the first two true leaves, plants were transplanted in 300 1 4 6 ml individual pots filled with a 1:1 (v:v) mixture of loamy soil and organic compost. Pots were 1 4 7 randomly distributed among four blocks that were rotated every day in the greenhouse. All pots 1 4 8 were watered twice a week. To reduce environmental heterogeneity in the greenhouse, walls were 1 4 9 painted in white and a semi-transparent curtain was installed below the glass roof. Additional light 1 5 0 was provided to reach ca. 65 µmol m -2 s -1 PPFD. Photoperiod and temperature were kept constant at 1 5 1 12 h day length, and 18/16 °C day/night, respectively. stage, used as measurement of flowering time, FT). The lamina of a fully-expanded, adult and non-1 5 6 senescent leaf exposed to light was detached from the rosette, kept in deionised water at 4 °C for 24 1 5 7 h for water saturation, and then weighted (mg). After the determination of water-saturated mass, 1 5 8 individual leaves were scanned for determination of leaf lamina area (LA, mm 2 ) using ImageJ independent SNPs. We assigned each genotype to a group if more than 60% of its genome derived 1 9 0 from the corresponding cluster. The accessions not matching this criterion were labelled 1 9 1 ''Admixed'' and were not used for the F st and Q st calculation. Cross-validation for different number 1 9 2 9 of genetic clusters revealed that the PHENOPSIS dataset was composed of six genetic groups 1 9 3 (group 1 = 74 accessions, group 2 = 48, group 3 = 18, group 4 = 55, group 5 = 5, group 6 = 71, 1 9 4 admixed = 123), while the Greenhouse dataset was composed of four genetic groups (group 1 = 38 1 9 5 accessions, group 2 = 16, group 3 = 83, group 4 = 7, admixed = 54). Consistent with the hypothesis 1 9 6 of genetic divergence because of isolation by distance, these genetic groups were geographically 1 9 7 clustered ( Fig. S1 ). We calculated Weir and Cockerham F st value for all the 24,562 SNPs, and Q st as 1 9 8 the between-group phenotypic variance divided by the total phenotypic variance, using mixed-effect 1 9 9 models with Group as random factor. We used parametric bootstrap method to generate 95% 2 0 0 confidence intervals (CI) around Q st values with the package 'MCMCglmm' in R (100,000 2 0 1 iterations). Genotypic means in the greenhouse experiment were estimated as the fitted genotypic values from 2 0 4 the linear models, using lsmeans function. Genotype effect on trait variation and broad-sense 2 0 5 heritability (H 2 ) were assessed using individual data from the greenhouse experiment (Table S3 ). Genotype effect was tested with one-way ANOVA following linear modelling, using Genotype and 2 0 7
Block as explanatory variables. H 2 was measured as the ratio of phenotypic variance attributable to 2 0 8 genotypic effect over total phenotypic variance, using mixed-effect models with Block as fixed 2 0 9 factor and Genotype as random factor, using the package nlme in R.
1 0
Climate variables at the collection points of each accession were extracted from the 2 1 1 Worldclim database (http://www.worldclim.org/bioclim), with a 2.5 arc-minutes resolution. Trait-2 1 2 trait, trait-environment and trait-CSR relationships were examined with Spearman's rank 2 1 3 coefficients of correlation (ρ), and associated P-values (P), using the function cor.test (Table S4 ). Pearson's coefficients of correlations (r) between traits and climatic variables were also calculated 2 1 5 (Table S5 ). Regression lines were drawn from Standard Major Axis (SMA), using the package 2 1 6 smatr. All analyses were performed in R 3.2.3 (Team RC 2014). All traits varied significantly among accessions (all P < 0.001, Table S3 ). We found that FT ranged 2 2 0 between 30 and 101 days (57 days on average) in PHENOPSIS, and between 25 to 115 days (61 2 2 1 days on average) in Greenhouse. Trait variation was mainly due to genetic variability among 2 2 2 accessions, as measured by the high amount of phenotypic variance accounted for genotype effect 2 2 3 (H 2 ranged between 0.58 for LA and 0.73 for SLA, 0.88 for FT; Table S3 ). Most traits were A. thaliana accessions mainly varied along the S-R axis, between purely ruderals (R) to moderate 2 3 0 stress-tolerators (S/SR) ( Fig. 1 ). We found only three accessions (together < 1%) classified as CS, Hodgson et al. 1999). Accordingly, we found that C and R-axis were positively but poorly 2 3 7 correlated with rosette fresh mass and the total number of fruits, respectively (ρ < 0.50, P < 0.05; and 0.54 for C, S and R, respectively, all P < 0.001; Fig. S4 ). However, they were also significantly 2 4 2 different between the two experiments (P < 0.01 for all the three scores). Accordingly, 78 2 4 3 1 1 accessions (51%) were classified in different CSR groups between the two experiments ("plastic" 2 4 4 accessions hereafter). Globally, plastic accessions shifted towards more ruderal strategies in 2 4 5
Greenhouse compared to PHENOPSIS, as reflected by the differences of S and R score between in Greenhouse (inversely, 18% were classified as R/CR in PHENOPSIS and R in Greenhouse). axis of plant strategies did not vary under the influence of adaptive processes in A. thaliana. The four replicates allowed reducing intra-genotypic variance, and thus total phenotypic variance 2 7 3 compared to phenotypic variance between genetic groups. Consistent with these results, plotting the 2 7 4 distribution of A. thaliana ecological strategies across Europe (Fig. 4B ,D) revealed that accessions 2 7 5 with S-oriented strategies (S, SR, SR/CSR, S/CSR, S/SC, SC and SC/CSR) were originating from 2 7 6 northern regions, Sweden in particular. categorized as S-oriented: S/SC, S/SR, S/CSR, SR and SR/CSR ( method. The CSR scores calculated with the two methods were positively correlated (ρ = 0.77, 0.79 2 8 5 and 0.73 for C, S and R, respectively; all P < 0.01; Fig. S7 ), suggesting that both methods return 2 8 6 similar categorization (Table 1) . However and despite the significant correlations, CSR scores 2 8 7 varied substantially between the two methods ( Fig. S7 ). This showed that the traits related to the Hodgson's method impacted the inference of plant ecological strategies compared to leaf traits 2 9 0 alone. FT measured in this study was strongly positively correlated with FT measured in May et al. with our measurements (Fig. S8D ), possibly because of three individuals with early FT and 2 9 5 1 3 extremely high LDMC values (> 250 mg g -1 ) compared to our measurement (< 110 mg g -1 ) on the 2 9 6 same accessions (red dots in Fig. 3C ). As a result, FT and LDMC were negatively, albeit non- opposite in both PHENOPSIS and Greenhouse (Fig. 3B ). By construction of the CSR classification 3 0 0 method, LDMC strongly participates to S and R axes ( Fig. 3F and Fig. S5 ). Consequently, the The relationship between CSR and climate at the interspecific level is still not well established this study that A. thaliana was predominantly ruderal, secondly stress-tolerator and poorly 3 1 9
competitor. However, we showed an important range of CSR variation among A. thaliana shifts can be explained because, in cold regions, biomass production during the growing season is Conversely, ruderal strategies were more abundant in temperate and hot environments. interpreted as a sign of selection for fast-growth, ruderal strategies in hot and stressing 3 5 0 environments at both intra-and interspecific levels (Anderegg et al. 2018 ).
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The lack of adaptive differentiation between genetic groups along the C axis, as reflected by accessions, scores obtained from the two methods varied substantially. For instance, an accession 3 6 5 had S score at 35% with Hodgson's method but 0% with Pierce's method (Fig. S7B) . The re- that the three accessions with very high values for S identified using the Hodgson's method (Mt-0, Cvi-0 and Ct-1) were no longer in the top three ranked accessions for S when using the Pierce's method, which led to a lack of correlation of S and R with temperature when using this method. classification. Here, we found that C and R axes calculated with leaf traits were positively, but 3 7 4 poorly, correlated with rosette fresh mass and fruit number, respectively. Additionally, many early- This was translated into no, or small differences in CSR strategies between accessions from 3 7 8 temperate and Mediterranean climates (Fig. 4) , although Mediterranean accessions can be very 3 7 9
short-lived and thus, more ruderal than accessions from less stressing environments (Vasseur et al. flowering time in growth chamber varied from 30 days to 82 days (and some accessions did not 3 9 3 flower at all), and although it is widely recognized that leaf traits strongly vary during plant ontogeny (Walters et al. 1993; Hérault et al. 2011; Pantin et al. 2012) . In other words, LDMC was 3 9 5 measured 30 days after flowering for the earliest accessions and before flowering for the latest ones. With such a procedure, the leaves compared might have been in contrasted physiological stages. In senescing, which may result in much higher LDMC values -and lower SLA values -in these 3 9 9
1 7 accessions (Fig. 3C ). In agreement with this hypothesis, the LDMC values measured on the early- between CSR and environment between the two studies. Furthermore, we found that FT was 2010; Vasseur et al. 2012 Vasseur et al. , 2014 Vasseur et al. , 2018 Blonder et al. 2015) . conditions. In our study, traits were measured in controlled and constant conditions, on plants 4 1 2 grown in 12 h photoperiod and without cold exposure (i.e. vernalization). However, we could Consistent with this idea, we found that half the accessions common to PHENOPSIS and 4 1 6
Greenhouse did not have the same position in the CSR space: plants grown in the greenhouse were 4 1 7
generally shifted towards the R end of the spectrum compared to plants grown in PHENOPSIS.
1 8
This can be explained by the relative low light intensity provided by artificial lamps in the 4 1 9
greenhouse compared to the phenotyping platform (65 versus 175 µmol m -2 s -1 PPFD). In addition, 4 2 0 plants were grown in the greenhouse at higher density than in PHENOPSIS, which could have This includes an increase in leaf angle and SLA, associated with a reduction in LDMC and resource-acquisitive strategies in Greenhouse. Importantly and more broadly, controlled conditions should ideally be measured to properly infer their ecological strategies. However, it remains 4 2 8 difficult to take into account genotype-by-environment interactions when screening genotypes in 4 2 9 natural conditions. Consequently, trait-based approaches for functional classification of plants were 4 3 0
initially proposed as a tool to infer the adaptive significance of traits in controlled conditions 4 3 1 (Grime and Hunt, 1975) . Tolerance to stress seems to be favoured in cold environments at higher latitudes while ruderality is Ecology 27: 1002-1010. plant responses to water deficit and high temperature revealed contrasting adaptive strategies.
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